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ABSTRACT 

Objective: To examine risk factors for Clostridium 
difficile infection (CDI) morbidity and mortality in 
Japan. 

Design: Multimethod investigation including a case- 
control study and cohort study. 
Setting: 47 participating facilities of the National 
Hospital Organization (NHO). 
Participants: 1026 patients with CDI and 878 patients 
in the control group over the age of 18 years admitted 
to the subject NHO facilities from November 2010 to 
October 2011. 

Main outcome measures: In a case-control study, 
we identify risk factors for CDI development. Next, in a 
cohort study, we identify risk factors for all-cause 
mortality within 30 days following CDI onset. 
Results: A total of 1026 cases of CDI meeting the 
definitions of this investigation were identified, 
encompassing 878 patients at 42 of the 47 subject 
facilities. In the case-control study, we identified, 
compared with no antibiotics use, use of first- 
generation and second-generation cephem antibiotics 
(OR 1 .44; 95% CI 1 .1 0 to 1 .87), use of third- 
generation and fourth-generation cephem antibiotics 
(OR 1.86; 95% CI 1.48 to 2.33) and use of 
carbapenem antibiotics (OR 1.87; 95% C1 1.44 to 
2.42) the risk factors for CDI development. However, 
use of penicillin was not identified as a risk factor. In 
the cohort study, sufficient data for analysis was 
available for 924 CDI cases; 102 of them (11.0%) 
resulted in death within 30 days of CDI onset. 
Compared with no anti-CDI drug use, use of 
vancomycin was associated with reduced risk of 
mortality (OR 0.43; 95% CI 0.25 to 0.75) whereas 
metronidazole was not. 

Conclusions: The findings mirror those of previous 
studies from Europe and North America, identifying the 
administration of broad-spectrum antibiotics as a risk 
factor for CDI development. The use of vancomycin is 
associated with a decreased risk of mortality. 
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INTRODUCTION 

Clostridium difficile is the main causative 
pathogen of antibiotic-associated colitis. 
Since 2000, outbreaks of BI/NAP1/027 



Strengths and limitations of this study 



This study is the first large-scale nationwide mul- 
ticentre Clostridium difficile infection (CDI) inves- 
tigation in Japan. 

Most of the epidemiological data of CDI have 
been limited to North America and Europe. Our 
data plays a role of completion of the missing 
data in Asia. 

Use of p-lactam antibiotics, except penicillin, was 
the risk factor for CDI development in the first 
Japanese large-scale investigation. Appropriate 
antibiotic use is necessary in order to control the 
incidence of CDI. 

Vancomycin administration for CDI was asso- 
ciated with decreased risk of mortality. Although 
the cost-effective treatment of CDI may necessi- 
tate the appropriate use of the less-expensive 
metronidazole, vancomycin should be adminis- 
tered in cases expected to become severe or 
life-threatening. 

The limitation of this study is the low number of 
registered CDI cases from quite a few partici- 
pants and the existence of many confounding 
factors. 



strain C. difficile infections (CDI) have been 
reported in North American and European 
hospitals and elder care facilities. The 
numbers of patients with CDI as well as severe 
and intractable cases have increased simultan- 
eously. Consequently, epidemiological surveil- 
lance systems have been set up in several 
countries. However, very few countries have 
implemented such national-level measures. 

CDI epidemiological studies in Japan to 
date have been based on scattered data from 
individual medical facilities. Consequently, 
the phenomenon of CDI in Japan is not suf- 
ficiently understood. 1-9 Previous studies 
report that antibiotic administration is the 
largest risk factor for CDI development. 
Other risk factors include advanced age and 



proton pump inhibitor use. 



CDI 
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mortality rates differ depending on the presence or 
absence of an outbreak as well as the relevant definitions 
of epidemiological surveillance. Furthermore, it is espe- 
cially difficult to objectively determine precise 
CDI-related mortality rates because of factors such as 
underlying patient conditions. 12 

This report documents a case-control study of CDI in 
Japan based on data from the National Hospital 
Organization (NHO), which is Japan's largest group of 
hospitals and includes facilities located nationwide. In 
addition, a cohort investigation of mortality among CDI 
cases was conducted. 

MATERIALS AND METHODS 
Research design 

This multicenter study is a collaborative effort of the 47 
facilities that met our facility standards from among the 
143 NHO facilities in Japan. The study was planned as a 
part of the NHO's 'National Hospital Organization 
Multi-Center Clinical Research for Evidence-Based 
Medicine' project. This study was conducted with the 
approval of the Central Ethics Committee of the NHO. 
The CDI group in this study included, in principal, all 
newly diagnosed CDI cases among patients hospitalised 
from 1 November 2010 to 31 October 2011; cases were 
registered continuously. 

In the case-control study of CDI development, CDI 
cases newly diagnosed during the investigation period 
were registered in the CDI group; meanwhile, age- 
matched, sex-matched and underlying disease-matched 
patients in the same facilities were registered to the 
control group. In addition, a prospective cohort study of 
CDI group patients who died within 30 days of CDI 
development was conducted. This investigation is a mul- 
timethod study using standard case-control and cohort 
study designs. 

Definition of CDI 

CDI was defined as the presence of any gastrointestinal 
symptoms accompanied by a clinical suspicion of CDI as 
well as a positive result for C. difficile toxins from rapid 
stool testing or C. difficile isolation from stool cultures or 
both. Final determinations were carried out by the attend- 
ing physician or the facility's infection control team. 

Enzyme immunoassay testing kits for C. difficile toxins 
A and B were used as the rapid testing method 
(Immunocard CD toxin A&B, Meridian Bioscience Inc, 
Cincinnati, Ohio, USA; C. Diff Quik Chek, Alere 
Medical Co., Ltd, Tokyo, Japan; Tox A/B Quik Chek, 
Nissui Pharmaceutical Co., Ltd, Tokyo, Japan; X/pect 
Toxin A/B, Kanto Chemical Co., Ltd, Tokyo, Japan). 
Cycloserine-cefoxitin mannitol agar (Nissuipure-to 
CCMA baichi EX, Nissui Pharmaceutical Co., Ltd, 
Tokyo, Japan), cycloserine-cefoxitin fructose agar (CCFA 
baichi, Becton, Dickinson and Company Co., Ltd, 
Tokyo, Japan; Poamedhia CCFA kairyoubaichi, Eiken 
Chemical Co., Ltd, Tokyo, Japan) , and brucella HK agar 



(RS) (brucella HK agar (RS), Kyokuto Pharmaceutical 
Industrial Co., Ltd, Tokyo, Japan) were used in the C. 
difficile isolation cultures. 

Case-control study of CDI development 

No additional information besides age, sex and date of 
diagnosis was gathered when new patients were regis- 
tered in the CDI group. After the end of the study regis- 
tration period, additional patient clinical data were 
gathered, including clinical department, underlying dis- 
eases, dates of hospital admittance and discharge and 
medical treatments administered for >3 days between 
admittance and CDI development. Recorded medical 
treatments included disruption of feeding, parenteral 
nutrition, enteral feeding, surgery with general anaes- 
thetics, cancer drugs, antibiotics (excluding external-use 
antibiotics) and proton pump inhibitors (oral or intra- 
venous). We also collected data regarding the use of 
intravenous antibiotics including penicillins, first- 
generation and second-generation cephems, third- 
generation and fourth-generation cephems, carbape- 
nems, fluoroquinolones, clindamycin/lincomycin, 
anti-methicillin-resistant Staphylococcus aureus (MRSA) 
drugs and antifungal drugs, and others. Finally, we col- 
lected data regarding the use of oral antibiotics includ- 
ing cephems, fluoroquinolones and others. 

The control group was divided into three subgroups 
according to age: <74, 75-84 and >85 years. Control 
patients were selected from among patients at the same 
facilities who did not contract CDI and were matched to 
the patients with CDI with respect to age, sex, under- 
lying disease and hospital stays of >5 days within the 
same month as a counterpart's CDI diagnosis. The 
control group cases were selected regardless of gastro- 
intestinal symptoms such as diarrhoea. We strove to 
ensure that the CDI and control groups were as 
matched as possible. The same data were collected from 
both groups. The control patients were registered and 
relevant patient data were gathered after the end of the 
CDI group study registration period. 

Cohort study on mortality among patients with CDI 

The prospective cohort study of registered CDI group 
patients from the case-control study examined all-cause 
mortality within 30 days as the primary outcome. If the 
registered patients were discharged within 30 days, clinical 
outcomes were not investigated after discharge in this 
study. The following data were collected: whether the 
underlying disease was infectious and whether comorbid- 
ities were related to malignant tumours (ie, gastrointes- 
tinal, respiratory, blood/lymph, gynaecological, urological, 
or other tumours including cancers of the ear, nose and 
throat), diabetes, renal failure, heart failure, respiratory 
failure or cirrhosis. In the cohort study, the definitions of 
severe complications were gastrointestinal perforations, 
toxic megacolon and CDI-related surgeries. Severe compli- 
cations and the all-cause in-hospital mortality of patients 
within 30 days of CDI development were recorded. We 
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also considered patient nutritional status including 
whether the patient was subjected to parenteral nutrition 
or enteral feeding as well as serum albumin levels mea- 
sured within 30 days prior to CDI development (ie, >3.5, 
2.7-3.4 or <2.6g/dL). In addition, we examined CDI 
treatment factors including whether antibiotic use was 
halted, probiotic use and the type of anti-CDI drugs used 
(ie, vancomycin and metronidazole). All patient data for 
the cohort investigation were collected after the end of the 
registration period. 

Data management and statistical analysis 

All input data were verified by a designated study data 
manager. Data from each facility were entered directly 
into a web-based case report form and subsequently 
encrypted for security. The data management centre was 
responsible for confirming any missing data and directly 
inquiring of the relevant facilities as necessary. 

During the case-control phase of the study, CDI devel- 
opment was treated as the outcome and ORs were calcu- 
lated from bivariate analysis comparing the use of 
different types of antibiotics as outcome causes. For 
each type of antibiotic, those used for >3 days were 
designated 'used' while all others were designated 
'unused.' A dummy variable regression was subsequently 
performed. Statistical significance in the bivariate ana- 
lysis was tested by the % 2 test. Logistic regression analysis 
was performed using the individual patient character- 
istics and other assumed confounding variables as inde- 
pendent variables. The 95% CIs for each variable were 
used to determine the relationships between the various 
predictive variables and outcomes. 

The clinical outcome of mortality within 30 days was set 
as the dependent variable and the relationships among 
the underlying diseases, nutritional status, probiotic use 
and types of anti-CDI drugs used were subjected to bivari- 
ate and multivariate analyses. Like the case-control 
phase, bivariate analysis was conducted using the % 2 test 
and the multivariate analysis was conducted using logistic 
regression. The significance level for all analyses was set 
at p<0.05. We used IBM SPSS Statistics V20 for statistical 
analysis. 

Ethics committee approval and informed consent 

This study was conducted with the approval of the 
Central Ethics Committee of the NHO. In principle, 
individual patients who met the inclusion criteria were 
not given direct explanations of the study and no direct 
consent was sought. Information about the study was 
made public through postings on facility notice boards 
and webpages. Patients and their representative agents 
had the right to refuse study participation. 

RESULTS 

Participating facilities 

Among the 47 facilities, a total of 1026 CDI cases 
were registered at 42 facilities throughout Japan, from 



Hokkaido in the north to Okinawa in the south. 
No CDI cases were recorded at the remaining 
5 participating facilities, more than 280 patient beds 
(table 1). 

Patient grouping 

A total of 1026 CDI cases that met the study definitions 
were recorded at the various institutions. We were 
unable to collect clinical records regarding medical 
treatments for 1 case; therefore, this case was excluded 
from the case-control study, and the remaining 1025 
cases were analysed. A total of 962 patients (93.9%) 
developed CDI within 48 h after hospital admittance. 
The control group comprised 878 patients who were 
selected from 41 of the 42 facilities. In the cohort study, 
we analysed the data from 924 of the 1025 CDI group 
patients, excluding 101 patients with no available recent 
serum albumin level data (ie, within 30 days prior to 
CDI development (figure 1). 

Case-control study of CDI development 

The mean ages of the CDI and control groups were 75.8 
and 75.4 years, respectively. The majority of the partici- 
pants were of advanced age: 64% and 62.5% of the CDI 
and control group patients were aged >75 years, respect- 
ively. No significant differences were identified between 
the CDI and control groups in the univariate analysis of 
age distribution, sex differences or underlying disease 
(table 2). Among the medical treatments administered 
before CDI development, the following were signifi- 
cantly more prevalent in the CDI group than the 
control group: disruption of feeding (48.6% vs 30.4%), 
parenteral nutrition (24.7% vs 10.3%) and enteral 
feeding (24.8% vs 9.1%). Antibiotics were used prior to 
CDI development in 85.8% of cases. The use of all types 
of intravenous antibiotics was significantly more preva- 
lent in the CDI group. No significant differences were 
identified between the two groups with respect to oral 
antibiotic use. Meanwhile, in the univariate analysis, 
proton pump inhibitor use was significantly more preva- 
lent in the CDI group than the control group (40.3% 
vs31.2%). 

We used logistic regression analysis to determine the 
risk factors for CDI development. The following 
medical treatments prior to CDI development were 
identified as significant risk factors in comparison to 
the control group: disruption of feeding (OR 1.31; 
95% CI 1.05 to 1.64), parenteral nutrition (OR 1.63; 
95% CI 1.21 to 2.20) and enteral feeding (OR 2.16; 
95% CI 1.60 to 2.92). The following intravenous anti- 
biotics were also identified as statistically significant 
risk factors for CDI development: first-generation 
and second-generation cephems (OR 1.44; 95% CI 
1.10 to 1.87), third-generation and fourth-generation 
cephems (OR 1.86; 95% CI 1.48 to 2.33) and carbape- 
nems (OR 1.87; 95% CI 1.44 to 2.42). However, 
penicillin (OR 1.04; 95% CI 0.82 to 1.33), fluoroqui- 
nolones (OR 1.16; 95% CI 0.74 to 1.83), 
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Table 1 Number of registered cases of CDI and characteristics of hospitals included in the surveillance of CDI in the NHO 
(from November 201 0 through October 201 1 ) 



Number of patients 
registered 



Laboratory tests 
used 



30-day all-cause EIA for 



Region 



Number of 


Number of 


CDI 


Control 


mortality in 


toxins 




patient beds 


patient days 


group 


group 


CDI group 


A and B 


Cu 


698 


208 388 


55 


55 


3 (5%) 


+ 


+ 


500 


150 603 


42 


32 


1 (2%) 


+ 


+ 


310 


82 687 


28 


19 


2 (7%) 




+ 


310 


72 144 


17 


12 


2 (12%) 


+ 


+ 


220 


76 539 


1 


1 


0 (0%) 


+ 


+ 


780 


238 420 


124 


121 


15 (12%) 


+ 


+ 


455 


151 622 


36 


36 


3 (8%) 


+ 




560 


158 921 


35 


30 


4 (11%) 


+ 


+ 


243 


60 155 


34 


34 


6 (18%) 


+ 


+ 


350 


109 025 


22 


22 


4 (18%) 


+ 


+ 


500 


159 432 


15 


14 


1 (7%) 


+ 




510 


166 668 


4 


4 


0 (0%) 


+ 




380 


109 482 


3 


2 


0 (0%) 


+ 


+ 


455 


132 483 


3 


1 


0 (0%) 


+ 




429 


104 802 


0 


0 


- R 


+ 




430 


195 209 


42 


26 


10 (24%) 


+ 


+ 


280 


56 475 


0 


0 


- (-) 


+ 




316 


103 677 


24 


22 


1 (4%) 


+ 




220 


47 354 


23 


23 


1 (4%) 


+ 


+ 


600 


191 041 


20 


20 


3 (15%) 


+ 




494 


70 455 


15 


15 


6 (40%) 


+ 


+ 


520 


145 299 


13 


9 


1 (8%) 


+ 




500 


142 409 


6 


6 


1 (17%) 


+ 




180 


55 721 


3 


3 


1 (33%) 


+ 




346 


118014 


2 


2 


0 (0%) 


+ 




370 


94 722 


0 


0 


-H 


+ 




388 


99 728 


54 


49 


5 (9%) 


+ 


+ 


700 


211 595 


49 


48 


4 (8%) 


+ 


+ 


506 


119 356 


33 


8 


1 (3%) 


+ 


+ 


400 


122 846 


30 


30 


5 (17%) 


+ 




401 


108 303 


26 


0 


2 (8%) 


+ 


+ 


250 


80 558 


21 


21 


0 (0%) 


+ 




424 


128 868 


12 


10 


0 (0%) 


+ 




365 


125 645 


10 


10 


3 (30%) 


+ 


+ 


300 


87 061 


0 


0 


- H 




+ 


459 


66 454 


0 


0 


-H 


+ 




424 


137 827 


46 


22 


5 (11%) 


+ 




702 


239 448 


38 


37 


1 (3%) 


+ 




190 


54 038 


33 


31 


9 (27%) 


+ 




550 


189 417 


27 


26 


3 (11%) 


+ 




285 


58 185 


25 


25 


3 (12%) 


+ 




500 


140 371 


24 


23 


2 (8%) 


+ 




300 


90 457 


14 


14 


4 (29%) 


+ 




320 


103 315 


6 


5 


1 (17%) 


+ 


+ 


280 


79 580 


4 


4 


2 (50%) 


+ 




366 


112 906 


4 


4 


0 (0%) 


+ 




368 


89 195 


3 


2 


2 (67%) 


+ 




19 486 


5 592 077 


1026 


878 


117 (11%) 


45 


20 



Hokkaido, 
Tohoku 



Kanto, 
Koshinetsu 



Tokai, 

Hokuriku 

Kinki 



Chugoku, 
Shikoku 



Kyushu, 
Okinawa 



Total 



CDI, Clostridium difficile infection; EIA, enzyme immunoassay; NHO, National Hospital Organization. 



clindamycin/lincomycin (OR 1.35; 95% CI 0.81 to 
2.26) and proton pump inhibitor use (OR 1.17; 95% 
CI 0.95 to 1.44) were not identified as risk factors. 



Cohort study on mortality among patients with CDI 

The cohort study examined mortality among the 
924 patients from the 1025 CDI group patients in the 
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1,026 CDI cases registered 



1 CDI case with no pre-CDI 
data omitted 



878 control cases registered 



0 cases omitted 



1,025 cases: case-control 
study analytical subject CDI 
group 



101 cases with no albumin 
reading available omitted 



878 cases: case-control 
study analytical subject 
control group 



924 cases: cohort study 
analytical subject CDI group 



Figure 1 Study populations for the analysis of patients with Clostridium difficile infection (CDI) and controls. 



case-control study for whom serum albumin level data 
before CDI development were available. 

Among the 924 patients, 102 (11.0%) died within 
30 days of developing CDI. Among those cases, the 
cause of death was attributed to CDI in 11 cases (1.2%). 
Of 1 1 patients, a patient had gastrointestinal perforation, 
another patient had CDI-related surgery and the others 
were not reported as severe complications. Toxic mega- 
colon was reported in two patients, however, they had 
not died within 30 days of CDI development. The mean 
age of the 102 patients who died during the study was 
80.1±8.3 years. Patients > 75 years old were especially 
prevalent in this subgroup, accounting for 77.5% (79/ 
102) of the cases. 

Among the 714 cases in which CDI was treated dir- 
ectly, recurrence within 30 days was observed in 34 cases 
(4.8%). 

The univariate analysis indicated that comorbidities of 
heart and respiratory failure were significantly more 
prevalent among patients with CDI. In addition, lower 
serum albumin levels were significantly associated with 
mortality. Among CDI treatments, mortality was signifi- 
cantly lower among cases in which probiotics were 
administered. 

A logistic regression analysis of the 102 cases in which 
the patients died within 30 days of CDI development was 
performed to identify the factors associated with the risk 
of mortality. Compared to patients <74 years old, the 
OR of mortality among patients aged 75-84 years was 
2.08 (95% CI 1.19 to 3.62). Among underlying diseases, 
heart failure (OR 2.12; 95% CI 1.26 to 3.55) and 



respiratory failure (OR 1.98; 95% CI 1.19 to 3.32) were 
identified as risk factors for mortality within 30 days of 
CDI development. Regarding nutritional status, neither 
parenteral nutrition nor enteral nutrition was identified 
as a risk factor for mortality. However, low serum 
albumin level (ie, <2.6g/dL) was identified as a signifi- 
cant risk factor for mortality (OR 3.50; 95% CI 1.33 to 
9.22). Among CDI treatments, probiotic use (OR 0.66; 
95% CI 0.42 to 1.04) was not identified as a risk factor 
for mortality. However, compared to cases in which no 
anti-CDI drugs were administered, vancomycin adminis- 
tration yielded an OR of 0.43 (95% CI 0.25 to 0.75), 
indicating a significantly lowered risk of mortality in the 
CDI group. Meanwhile, no such lowered mortality was 
observed in cases treated with metronidazole (OR 0.85; 
95% CI 0.48 to 1.51; table 3). 



DISCUSSION 

This is the first large-scale clinical study of CDI in Japan. 
This study examined 1026 cases of CDI recorded over 
1 year at the nationwide facilities of Japan's largest hos- 
pital group. The findings of this investigation are similar 
to those reported in previous studies conducted in 
Europe, North America and Australia with respect to the 
identification of several risk factors for CDI development 
including age, severity of the underlying condition, arti- 
ficial feeding and mortality. 11 13 14 Antibiotic use is a 
known risk factor for CDI development. 15 The present 
case-control study confirms that intravenous cephems 
and carbapenems are important risk factors. Some 



Takahashi M, etal. BMJ Open 2014;4:e005665. doi:1 0.11 36/bmjopen-201 4-005665 



5 



Open Access 



Table 2 Univariate and multivariate analyses of CDI development-related risk factors 
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CDI, Clostridium difficile infection; MRSA, methicillin-resistant Staphylococcus aureus. 



studies report a low risk of CDI development owing to 
intravenous penicillin administration. 16 17 Concordantly, 
penicillin use was not identified as a risk factor in the 
present study. The proton pump inhibitor use was dis- 
cussed as a risk factor for CDI development in the previ- 
ous studies. 18 - 20 In the present logistic regression 
analysis, it was not identified as a risk factor. 

In this study, 11.0% of patients with CDI died within 
30 days. In comparison, higher 30-day mortality rates 
have been reported in previous outbreaks: 24.8% in the 
ribotype 027 strain outbreak in Canada and 36.7% in an 
examination of a single intensive care unit in the USA. 21 
22 However, reports of non-outbreak conditions indicate 
mortality rates of 13%, similar to the findings of the 
present study. 23 Some reports state that the 
CDI-associated mortality rate has increased 2.5-fold, pos- 
sibly indicating that CDI cases are more severe and 



contribute more significantly to mortality than previ- 
ously thought. 12 23 The mortality rate of patients with 
CDI is reported to increase with age. 24 Concordantly, 
the present study also found a significantly elevated risk 
of death in patients >75 years old. 

The findings of this study indicate that the mortality 
risk of patients with CDI was not reduced as a result of 
metronidazole treatment but was reduced with vanco- 
mycin treatment, corroborating the existing recommen- 
dation. 25 It is worth noting that metronidazole is less 
expensive than vancomycin, making it economically 
advantageous. A patient's condition must be carefully 
evaluated when selecting anti-CD I drugs. In particular, 
for patients in the present study who had conditions asso- 
ciated with a greater mortality risk, including advanced 
age (ie, >75 years) , heart or respiratory failure or malnu- 
trition as determined by low serum albumin levels, the 
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Table 3 Univariate and multivariate analyses of all-cause mortality in patients mXhClostridium difficile infection (CDI) 
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use of vancomycin was expected to reduce the mortality. 
The recurrence rate was low (4.8%) in this study com- 
pared to the previous studies. 11 26 We did not investigate 
those patients who developed CDI after 30 days nor did 
we investigate those patients who were discharged, even if 



within 30 days of CDI development. Therefore, the recur- 
rence rate might be underestimated. 

Regardless, this study also has several methodological 
limitations. The most salient being the low number of 
registered CDI cases from quite a few participants. In 
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the definition of CDI, the times of diarrhoea were not 
investigated. Another limitation of the case-control 
study phase is the existence of many confounding 
factors. In particular, probiotic use, which was recently 
discussed to be correlated with CDI prevention, was not 
included in the predictive model of this study. 10 11 27 
When interpreting the findings of this study, it is neces- 
sary to consider the influence of confounding factors 
that were not included in the analytical models. 
Regarding antibiotic use, the present analyses included 
independent explanatory variables for each antibiotic. 
However, actual antibiotic use is more complicated. 
Therefore, it is difficult to clearly determine the roles of 
individual antibiotics as risk factors for CDI develop- 
ment. Concerning matching process, we tried to adopt 1 
to 1 pair sampling matched with sex, age group and 
main diagnosis. Some hospitals could not find appropri- 
ate control samples well matched with case samples. So 
the total number of the control group was less than that 
of the case sample. In addition, although data for the 
control group were analysed during the entire study 
period until hospital discharge, only data from the 
period prior to CDI development were analysed in the 
CDI group. Therefore, the risks might be underesti- 
mated, because the control group had a longer period 
of exposure risk than the CDI group did. Confounding 
factors that were not included in the present analyses 
also represent a limitation of the cohort study phase. 
Furthermore, issues of data quality among the facilities 
affect all aspects of this study. More than 40 different 
facilities participated in this study. While some facilities 
registered nearly all of their patients with CDI, other 
facilities registered smaller proportions of patients. Only 
C. difficile culture but not toxin test was used for the 
laboratory test in two facilities. Finally, there might have 
been differences with regard to individual researchers' 
understanding of the outcome definitions. 

In order to ensure appropriate antibiotic use and 
control the incidence of CDI, it is important to create 
institutional measures such as infection control teams. 
The cost-effective treatment of CDI may necessitate the 
appropriate use of less-expensive metronidazole. 
However, in cases expected to become severe or life- 
threatening, the more expensive drug vancomycin 
should be administered. CDI is one of many issues con- 
cerning medicine and medical treatment costs. 
Accordingly, further and more proactive research into 
CDI epidemiology is needed. 
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